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DETERMINA TION OF POSITIONAL AND GEOMETRICAL 

ISOMERS IN HEXADECENOIC ACID BY CHEMICAL 

IONIZA TION MASS SPECTROMETRY 

EUI ARAKI* and TOSHIO ARIGA ** 
(Recei vecl for Publication，April 20，1977) 
SUMMARY 
Chemical ionization mass spectrometry of trimethylsilylatecl methyl esters of hexa-
clecenoic acids were investigated. The position of original double boncl could be 
deducecl from the recognizable fragment ions produced in cleavage of carbon-carbon 
bond between the two trimethylsilyloxy residues. The cis-ancl trans-isomers could be 
also distinguished from each other by comparing the abundance of the fragment ions 
given by subsequent loss of the trimethylsilyl resiclue and/or methoxyl group from the 
characteristic peaks. 
Keywords: Chemical ionization mass spectrometry， Hexadecenoic acids， Positional 
isomers，Geometrical isomers 
9・hexadecenoic(palmitoleic) acid methyl ester and 
INTRODUCTION 
trans-9七 exadecenoic (palmitelaidic) acid methyl 
Electron impact (EI) mass spectrometry has ester were obtained from Sigma Chemical Co.， 
been used for the structural analysis of fatty St. Louis，Mo.，U.S.A. Hexadecenoic acid in 
acids， although when analysed directly， their human serum，the same specimen as described in 
isomers give almost identical spectra1). However， the previous paper3)，was also analyzed in this 
recently，the combination of gas liquid chroma- study. Stereospeci五coxidation and trimethylsi・ 
tography (GC) and chemical ionization (CI) mass lylation of hexadecenoic acicls and the mass 
spectrometry has been applied to fatty acid spectrometry of fatty acids were carried out by 
analyses and demonstrated to provide informa- the proceclure previously described3). 
tions on their molecular weights and structures2-4). 
RESULTS AND DISCUSSION 
This paper describes the application of GC-CI 
mass spectrometry to the analyses of methyl CI-ancl EI-mass spectra of hexadecenoic acid 
hexadecenoate. are shown in Fig}1.In ELmass spectrum，t1e 
intensity of molecular ion was 11 % of the base 
MATERIALS AND METHODS 
peak， while in CI-mass spectrum an intense 
The. methyl esters of hexadecenoic acids，cis- [M十 1]+ion was recordecl at m/e 269 as the base 
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Fig. 1. Mass spectra of methyl hexadecnoate. 
(A) Isobutane CI mass spectrum; (B) EI mass spectrum 
peak， just as Murata and his coworkers have 
). 0 ancl C18:02C16:，rst clemonstrated on C14:0五 
The other fragment ions were found at m/e 237 
and 151， corresponding to [Mー  OCH3]+and仏tI-
CH3(CH2)s-OCH3-H]+，respectively. Although a 
small peak at m/e 171，presumably due to [M+1-
CH3(CH2)5CH]+ is recorcled，this peak is too small 
to indicate that the fatty acid hasω 7ーCH3-
terminus. In order to cletermine the' position of 
clouble boncl， trimethylsilylation of this fatty 
acicl was unclertaken and the entire reaction 
mixture was injectecl clirectly into gas liquicl 
chromatograph column. The spectrum of the 
trimethylsilylatecl clerivatives of this fatty acicl 
is given in Fig. 2. In this mass spectra， the 
quasi-molecular ion is recorclecl as [M-1]+ at m/e 
445 by the ion-molecular reaction in the CI-
source. The fragment ion at m/e 415 is formed 
from loss of one molecule of methanol from the 
molecular ion. Signi五cantfragment ions at m/e 
357 ancl 267 are formecl from 出 esubsequent los5 
of one ancl two molecules respectively of trime-
thylsilyl alcohol from a protonatecl molecule. The 
fragment ion at m/e 357 Is the base peak with 
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Fig. 2. Isobutane CI mass spectra of methyl 9， 10・ (clitrimethylsiloxy)hexaclecanoate 
cleri ved from (A) cis-ancl (B) t rans-isomers. 
an intensity of about 28 % of the total ion cur-
rent. 1n 9-hexadecenoic acids， the fragment ions 
recognizable at m/e 187 and 259 are procluced 
from the cleavage of the carbon-carbon boncl 
between the two trimethylsilyl alcohols and are 
helpful to locate the position of the original 
clouble bond. These modes of fragmentation， as 
well as al of the others have been observecl in 
the isomers of octadecenoic acicl心. Furthermore， 
the geometrical isomers of trimethylsilylatecl 
hexadecenoic acicl can also be discriminatecl 
from each other by comparing the abunclance 
of the recognizable fragment ions at m/e 
253 ancl 285 formecl in the subsequent loss 
of the trimethylsilyl resiclue ancl/or methoxyl 
resiclue from the base peak at m/e 357 in C1-
mass spectra. As shown in Fgi. 2， relative in-
tensities of the fragment ions at m/e 253 ancl 285 
clerivecl from methyl palmitoleate are more 
than twice or thrice those of the corresponcling 
fragment ions from methyl palmitelaiclate. Sim・ 
ilar results have been obtainecl in the mass 
spectra of methyl oleate ancl methyl elaidate ancl 
gave reproducible results， in which the relative 
intensities of those fragment ions in cis-and 
trans-isomers show approximately 14.7% ancl 
2.7 % of the peak at m/e 313， respectivelyω. 
Argouclelis ancl Perkins5九 and Capella6) usecl 
trimethylsilylated clerivatives in locating the 
clouble boncl of monounsaturatecl fatty acids in 
E1-mass spectrometry but the geometrical isomers 
coulcl not be di妊 erentiateclby this method. The 
results obtainecl in our present stucly indicate 
that C1-mass spectrometry can be appliecl not 
only for the cletermination of molecular weight 
but also for the analyses of positional ancl 
geometrical isomers of unsaturated fatty acicls， 
just as has been clemonstratecl in octac1 ecenoic 
acids in our previous stucly心. 
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まとめ
近年開発された化学イオン化質量分析法を用いて 
Hexaelecenoateの分析を行い従来の電子衝撃イオン化
質量分析法による成績と比較した。 Hexaelecenoateの
二重結合を trimethylsilyloxy誘導体としそれの化学イ
オン化質量分析を行うとニ重結合の位置を決定し得るほ
か，従来法では困難であった幾何異性をも明確に鑑別し
得ることを示した。 
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